Step 2 at 10, 30, 90, and 270 minutes after damage step to measure final stiffness. Partial ligament damage (Step 5) was executed by preloading the ligaments to 10 N, rapidly tensioning the ligaments at 50 mm/s and immediately reversing the actuator at 35 mm/s when the load cell detected a specified drop in force, indicating initial tearing of the ligament. The force drop values were set to 1% for ALL and 3% for LF specimens, which were determined from pilot experiments to repeatedly induce damage without completely tearing the ligaments. The loading rates were modeled after a strain rate of 10/s, reported to exist in impact trauma [7] .
Statistical Analysis
Stiffness values were measured at discrete force intervals, between 10-20 N, 20-30 N, and 30-40 N. This method accounted for the permanent yield experienced by the specimen, as well as the nonlinear mechanical behavior seen in ligaments. Displacement at the 10 N and 40 N force levels were also compared, to quantify the amount of permanent deformation.
These stiffness and displacement data were implemented in the FE model. Three ligamentous partial injury models were created at the C5-C6 level: 1) ALL and facet capsule (FC) ligament injury, 2) LF and interspinous (ISL) ligament injury, and 3) ALL, FC, ISL, and LF injury. Fitting whiplash injury pathology, the FC ligament was modeled to sustain corollary damage along with the ALL in spinal extension [9] . The FC properties were modeled to undergo a reduction in stiffness and increase in yield displacement in equivalent percentage to the property alterations experienced by the ALL. The ISL was assumed to have completely torn during damage to the LF [6] . For comparative purposes, the FE model was also modified to reflect uninjured and completely sectioned ALL, FC, ISL, and LF ligaments.
RESULTS
The experimental ligament data show an increase in toe length (displacement at 10 N) after damage for all specimens (increase of 2.000 mm = 699.87% for ALL, 3.236 mm = 335.61% for LF, Figure  1 ). Stiffness within the 10-40 N range experienced only a minor reduction for LF specimens (3.84%), but a much larger reduction for ALL specimens (62.44%).
Incorporation of these injured ligament properties into the FE model resulted in increased rotation over the intact case (Figure 2) . The ALL+FC injuries yielded a larger increase to extension ROM over intact than LF+ISL injuries (0.83 vs 0 degrees). This effect was reversed for flexion loadings (0.77 vs 1.90 degrees).
DISCUSSION
Injuries to the ALL+FC resulted in additional extension ROM, while injuries to the posterior ligaments (LF+ISL) demonstrated increased flexion ROM. These data are congruous with previous findings [10] . Noting that LF+ISL injuries gave nearly identical flexion+extension ROM to ALL+FC injuries (10.27 vs 10.02 degrees), it is difficult to specify which ligamentous structure is injured, without knowing the dividing point between flexion and extension. However, both lateral bending and axial rotation showed a more substantial difference in ROM between LF+ISL and ALL+FC injuries (lateral: 6.20 vs 10.48 degrees, respectively; axial: 7.22 vs 10.22, respectively). This suggests ROM tests should not be limited to only flexion and extension, as is often the case [11] . 
